, in particular, their long history of exploiting the available opportunities for making a living, and of adaptation for exploiting certain opportunies in certain ways and in certain circumstances. Biodiversity is measured out in species and other taxa (singular taxon) in the taxonomic hierarchy:
Kingdom For review of evolutionary concepts and processes, see the accompanying Appendix.
How is Biodiversity Assessed? -Taxonomy is the science concerned with classifying organisms according to their presumed evolutionary relationships. Identification is the process of assigning individuals to established taxonomic categories such as genera and species. It is important to understand the difference between a pigeon (an individual organism) and its taxonomic pigeonhole (Columba livia for the common pigeon): the one is a functional unit within a population (the basic functional unit in reproduction, ecology, and evolution); the other is an abstract category into which we humans place the individuals, usually in the attempt to recognize the interspecific distinctions that the organisms recognize among themselves.
Phylogenetics is the science concerned with working out organisms' evolutionary relationships and"family trees" -phylogenetic trees, which show the relationships of taxa in relation to their times of first and last appearance, and cladograms, which show relationships in terms of relative recency of common descent . Taxonomists   3 endeavor to group specimens into species, species into genera, genera into families, and so forth up through orders and classes to phyla and kingdoms, in such a way that each taxon includes the descendants of a single common ancestor or (ancestral group), all of those descendants, and only those descendants. The general idea in "doing" taxonomy is to comparatively study the organisms to be classified; to discover the taxonomic characters by which these organisms might be classified, and to distinguish homologous characters (i.e. ones judged to indicate phyletic relationship, such as the homologous bones in the feet of grazing and browsing horses in the accompanying diagram) from homoplastic characters (characters judged to have evolved through parallelism in closely related forms as a matter of common descent, or through convergence between distantly related forms which happened to solve the same adaptative problem independently in the same way, as in the wings of birds, bats, pterosaurs, and insects); and so to be able to distinguish potential taxonomic character states as being plesiomorphic (primitive for a particular group and its relatives-necessary but not sufficient for identifying an organism as a member of the group), apomorphic (derived, or specialized -necessary and sufficient for identifying and distinguishing members of the group), and apotypic (unique -diagnostic for the particular group).
The general idea in classification is to group organisms into taxa based on the occurrence of homologous characters that are synapomorphic (shared, derived) and/or synapotypic (unique to the group), and thus show that the organisms within each taxon are more closely related to one another than they are to some other, more distant relative 4 , and not on the basis of symplesiomorphic (shared, primitive) characters, which show only that they are related at some level that is not explicitly specified by example.
A timely example: Until the later 1990s, feathers appeared to synapotypic of birds, the Class Aves of traditional taxonomy. As now widely publicized, splendidly preserved fossils showing feathers on dinosaurs with distinctly non-avian forelimbs demonstrate beyond reasonable doubt that feathers are not synapotypic for Aves, and that dinosaurs are not only not extinct, but are the most diverse group of terrestrial vertebrates in terms of number of modern species.
3
Strictly speaking, taxonomy refers to the process of assigning names to groups of organisms; classification, to the process of establishing the groups; systematics, to the study of the principles of biological classification; identification, to the process of referring individuals to named groups. 4 The "other, more distant relative" is known in cladistic parlance as the "out group," the standard of comparison which is used to set the context, to define by example exactly what "primitive" and "specialized" mean in reference to the organisms being classified.
Adaptive Radiation and Higher Taxa -In group after group, phylogenetic trees show evidence that phyletic branching often has taken place through the process of adaptive radiation: a new solution to an adaptive problem appears; many new taxa diversify as variations on the basic solution appear and proliferate; and then most if not all of taxa these "evolutionary experiments" soon become extinct. Examples are found on scales ranging from groups of closely related species to groups of phyla. Two classic, paleontologically well-documented case histories of horses in general (Family Equidae) and grazing horses in particular (Subfamily Equinae) illustrate how taxonomists tend to tailor taxonomic groups to adaptive radiations concern. Many a group from genus to superkingdom represents taxonomists' best efforts at singling out an adaptive radiation.
BIOGEOGRAPHY AND BIODIVERSITY
The Biodiversity-Area Effect -The list of species represented in a particular place at a particular time represents a balance between the establishment of new populations (sometimes through the origination of new species) and the extinction of populations already established. The clearest indication of this balance is the empirical relationship between species diversity on an island and the island's area:
where the exponent z generally is about 0.25 (typical values are in the range 0.20-0.35, with a mean around 0.27). In other words, species diversity in a taxonomic group increases in proportion to something between the third and fifth roots of the island's area. Observed changes in species diversity following experimental subdivision and even complete defaunation of small islands confirm that the area-diversity relationship is in fact the product of a dynamic balance between population colonization and extinction.
Numbers of genera and families typically follow a similar area-diversity relation:
where the constant applies to the particular higher taxon. Assuming that the constant is indeed constant over time and space, we find the fractional change in diversity to be Geography-Related Changes in Biodiversity -Assuming the constant in the observed present-day relation (11.2) remains more or less constant over the time period of interest, expression (11.2) can be used to predict how biodiversity should change in response to geographic changes: 
APPENDIX: CONCEPTS AND PROCESSES OF EVOLUTION WHAT IS "EVOLUTION"?
This term is used is two different ways in relation to life: first, as a process by which organisms change from generation to generation, and second, as the products of the process (e.g. biodiversity; organisms' adaptations). Charles Darwin thought about evolution in terms of the origin of species, and titled his most famous book accordingly (On the Origin of Species, 1859). He defined evolution simply and generally as "descent with modification." Since Darwin's time, it has come to be realized that the local population, not the species, is the functional unit in evolution. The population is the fundamental unit in reproduction; the species is simply a category in classification. Today, perhaps the most generally accepted definition of evolution at its most fundamental is this: "Evolution is change in the genetic makeup of a population."
GENETICS OF THE EVOLUTIONARY PROCESS
Genetic Information -An organism's operating instructions are recorded in the chemical structure of its DNA. A typical gene represents the instructions for synthesizing a particular messenger RNA (mRNA), which in turn represents the instructions for synthesizing a particular protein. A few percent of genes, however, code for housekeeping RNA as the end productmolecules that function in cleaning up biochemical leftovers. Each "letter" in the genetic code's "alphabet" is a codon, a stretch of three successive sugar-plus-purine-or-pyrimidine nucleotides in the DNA or RNA molecule. Comparative study of genomes across whole kingdoms of organisms has been revolutionized understanding of what genes are, what they do, and how their organization differs among the major groups of organisms. In 1995, for instance, the received wisdom was that the human genome consists of about 100,000 "structural genes" that code for proteins, and an unknown number of "regulatory genes" that coordinate the cell's biochemical manufacturing. The genome was thought to be organized in fundamentally the same way in eukaryotes, including humans and other vertebrates, as it is in then much better-understood prokaryotes, in which the genome includes no more than a few precent of "junk DNA" (stretches of monotonously repeating or other "nonsense" DNA with no obvious expressions in RNAs or proteins), and in which a typical gene is an uninterrupted stretch of DNA that codes for one and only one end product.
As with so much else, life turns out to be more complicated, especially in vertebrates like us. Most of the human genome consists of "junk DNA." In more complex eukaryotes, a gene turns out to consist of exons (stretches of DNA that are translated either into a corresponding stretch of RNA and thence, in most instances, into a corresponding peptide such as an α-helix or β-sheet) alternating with introns (lengths of DNA which, so far as can be told, are not translated into RNA or any other identifiable products). Much of the computer-intensive work of bioinformatics is concerned with matching up DNA and mRNA segments' nucleotide sequences, matching up these sequences in turn with proteins' amino acid sequences, figuring out each gene's introns and exons, and, for the grand finale, systematically accounting for the organism's proteome (complete set of proteins) in terms of its genome (complete DNA sequence).
What is more, one gene in a more complex eukaryote can encode more than one protein: the introns evidently coordinate the reading of the exons such that different protein molecules can be constructed out of the same peptide building blocks. At least some of the "junk DNA" between successive genes along a DNA molecule may consist of additional "operating instructions" governing the genome's operation, as well as non-functioning "fossil" genes and parts thereof. So the traditional distinction between "structural genes" and "regulatory genes" which won its originators a Nobel Prize in the 1960s now seems best understood in a figurative sense; at least part of the regulatory instructions are built into the genes themselves. According to current best estimates, the human genome consists of around 30,000 genes in the modern sense, down from a corresponding 100,000 in the mid-1990s.
A gene occupies a certain location on a chromosome, called a gene locus. Each of our body cells possesses a double set of chromosomes, and thus a double set of genetic instructions 5 . Some genes come in several varieties, called alleles -minor variations on the basic set of instructions, different variations, as it were, of the same recipe. Some gene loci may contain duplicates of the same allele, in which case the organism is said to be homozygous at the those loci. Other loci may contain different alleles, in which case the organism is said to be heterozygous at these loci. Our gametes, in contrast, have only a single set of genetic information; they represent the haploid phase of our life cycle. When gametes combine, the new diploid individual inherits one set from each parent.
Why is the diploid usually the larger, longer-lived, and less numerous creature in a multicellular organism's life cycle? So long as at least one allele at a locus can do what the situation requires, the organism can keep on going. The diploid's apparent advantage in the evolutionary crapshoot is having two chances to make its point, whereas the haploid has only one.
The situation is simpler in prokaryotes. The chromosome consists only a DNA loop floating free in the cytoplasm. There is no alternation of haploid and diploid generations as there usually is in eukaryotes. Individual bacteria may conjugate from time to time to exchange genes between or among their DNA strands, or may incorporate viruses or other free-floating DNA snippets into their genomes.
Genes and Enzymes -Enzymes are proteins that catalyze complex chemical reactions within the cell. As catalysts, they control cell chemistry by determining which reactions can take place. The genetic information controls cell chemistry by controlling the production of enzymes. Regulatory genes switch the appropriate structural genes on and off. One structural gene controls the production of one enzyme (the "one gene, one enzyme" hypothesis), the different alleles producing different varieties of the enzyme.
5
Except for the Y chromosome in males. A pair of X chromosomes, and thus two chances at having a suitable allele at each locus, may be an important reason why women tend to outlive men.
Genetic Variation -Obviously, there can be no change in the genetic makeup of a population if the population is homozygous at all loci. Genetic variation, the raw material of evolution, has two components: genic variation, which concerns the chemical structure of DNA, and chromosomal variation, which concerns the arrangement of DNA in chromosomes. At its simplest, genic variation consists of a single-nucleotide polymorphism (SNP) -a difference of a single nucleotide in the DNA strand. As of February 2001, 1.4 million SNPs had been found among the 3.2 billion nucleotides of the human genome.
Although it is now possible to sequence DNA, generally our most direct look at genetic variation in populations comes from enzymes. It came as a great surprise during the late 1960s that natural populations of plants and animals typically are polymorphic at 10-30% of gene loci. The potential for evolution was undreamed of. Much of this variation has no obvious expression in individuals' outward appearances; it apparently concerns small and perhaps more or less equivalent variations in chemical manufactures within cells.
Since the 1960s, studies on fine structure of chromosomes have revealed unsuspected variation among populations. In relatively many instances, individuals in geographically separated populations of what was thought to be the same species have been found to be unable to interbreed owing to differences in chromosome structure.
The extent of variation in living populations raises a fundamental question about study of evolution from fossils: How much evolution in the sense of change in organisms' genetic makeup do fossils actually reveal? Quite likely, fossils reveal only token amounts of the total genetic change that took place in populations.
Production of Genetic Variation -Genetic makeup is altered through mutation of two types: genic mutation, which involves chemical change in the DNA molecule (e.g. a change in one of the three-element codons that specify a particular amino acid at a particular site in a protein), and chromosomal mutation, which involves rearrangement of the DNA within or among chromosomes. Genic mutation commonly results from exposure to radioactivity or toxic chemical substances. Chromosomal mutation generally arises through malfunction in the duplication and transmission of chromosomes during the production and fusion of gametes. Though mutation is relatively rare, it is common enough that the average individual's structural genes contain about one new mutation -a "designer gene" of one's own.
The Importance of Sex -The process of evolution has itself evolved. Some of the most important innovations have been those that enhance possibilities for creating new genetic combinations, From our standpoint as multicellular eukaryotes, one of the most important of these has been the evolution of sex. The great advantage of sex (and for that matter of having males, who may have little or nothing to do with laying the eggs or rearing the young) is the production of vastly larger numbers of combinations of alleles in the next diploid. The greater the variety of combinations, the more opportunity there is for evolutionary change and adaptation.
Loss of Genetic Variation -Some mutations are beneficial, many may be more or less neutral, but most appear to be deleterious. Unfavorable changes tend to be eliminated through natural selection (see below). One advantage of having a double set of genetic instructions is the possibility of having one possibly harmful allele covered, so to speak, by another, more favorable one. Gametes and organisms that likewise have only a single set of genetic material lack this insurance.
EVOLUTIONARY PROCESSES IN POPULATIONS
Diversity of Mechanisms -Evolutionary change can come about through genetic driftrandom change in gene frequency as a result of small numbers of individuals in a population. A number of other mechanisms may produce evolutionary change, such as selective processes in the formation and fertilization of gametes. Only one mechanism, however, seems to explain the evolution of organisms' adaptations: natural selection, the mechanism proposed by Charles Darwin's On the Origin of Species.
